Monteggia fracture-dislocations of the forearm; 28 had been treated within 24 hours and 8 had been referred a week or more after the initial injury with persisting or recurrent dislocation of the proximal radio-ulnar joint after treatment elsewhere. We treated 15 of the 16 complete fractures and 3 of the 11 incomplete fractures of the ulna by operative fixation.
In the treatment of Monteggia-type fracture-dislocations, emphasis has been placed on the stable, anatomical reduction of the ulnar fracture (Boyd and Boals 1969; Olney and Menelaus 1989; Jupiter et al 1991) , but, even in children, this may require operative fixation (Fowles, Sliman and Kassab 1983; Olney and Menelaus 1989) . Classification of these injuries by the direction of displacement of the radial head is useful to establish the appropriate method of reduction and the position of immobilisation (Bado 1967 ), but it is the character of the ulnar fracture which determines which injuries are unstable and therefore require operative fixation (Fowles et al 1983; Olney and Menelaus 1989) .
We have reviewed our experience of the operative and non-operative treatment of Monteggia fracture-dislocations over seven years, with an emphasis on the character of the associated ulnar fracture.
PATIENTS AND METHODS
We identified 36 patients with Monteggia fracture-dislocations of the forearm from the complete database of operating notes for our department at Boston Children's Hospital. This is a large tertiary-care hospital receiving referrals from a considerable area of New England. All such injuries are routinely treated in an operating room under general anaesthesia and this list therefore includes most, if not all, forearm fractures associated with dislocation of the proximal radio-ulnar joint treated from August 1988 to July 1995 inclusive.
We treated 28 of the patients (78%) within 24 hours of injury or initial discovery of the injury (Table I) . Eight (22%) were first seen by us at between one and five weeks (average two weeks) after the initial injury having had closed reduction and cast immobilisation elsewhere (Table  I) . Six of these were found to have persistent proximal radio-ulnar joint subluxation or dislocation at routine follow-up at one week (cases 29, 30, 31, 35) or two weeks (cases 32 and 33) after the injury. The remaining two patients were referred specifically for management of late redislocation (case 34 at 3 weeks, case 36 at 5 weeks) after closed reduction and casting elsewhere. All eight patients who presented late had definitive treatment within 24 hours of referral.
The patients had an average age of six years (11 months to 16 years 4 months); 20 were male and 16 female, with the left side involved in 22 and the right in 14. Two fractures were open due to protrusion of an ulnar fragment (one Gustilo grade I, one grade II).
Using the classification of Bado (1967) , there were 20 type-I (anterior dislocation of the radial head), one type-II (posterior), 11 type-III (lateral) and four type-IV lesions. We recorded any otherwise unclassified fracture of both bones of the forearm with proximal radio-ulnar dislocation as a Bado type-IV lesion. We also recorded the type of ulnar fracture (Table I) . Most were typical of immature bone, including plastic deformation, buckle fractures, and All patients were treated in an operating room under general anaesthesia; the two open fractures had irrigation and debridement, and these patients were given prophylactic parenteral antibiotics.
Six patients had plastic deformation of the ulna, all associated with anterior dislocations of the radial head (Bado type I). These patients were treated by reduction by forcible manipulation followed by above-elbow cast immobilisation in about 110° of elbow flexion and full supination of the forearm.
Three patients had buckle fractures of the olecranon or proximal metaphysis which were all associated with lateral dislocation of the radial head (Bado type III). They were treated by closed reduction and above-elbow casts with the elbow flexed to 100 to 110° and the forearm in full supination.
Eleven patients had greenstick fractures of the ulna, eight of which were treated by closed reduction and above-elbow casts. The other three had fixation with an intramedullary Kirschner (K) wire (cases 13, 14 and 15). In case 13, an initially unrecognised ulnar fracture in an 11-month-old infant was treated by closed osteoclasis, an intramedullary K wire and a cast. Two patients (cases 14 and 15) had nearly complete greenstick fractures with 35° and 65° of varus angulation which were considered to be unstable and were also fixed by intramedullary wires.
Sixteen patients had complete fractures of the ulna; three were transverse, ten oblique, and three were comminuted. All 16 fractures were either in bayonet apposition (5), angulated by 30° or more (9), or shortened by 3 mm or more (11); the average shortening was 1 cm (3 mm to 3 cm). Seven complete fractures were treated by open reduction and internal fixation with a plate and screws ( Fig.  1 ) (5 semitubular, one 3.5 mm DCP). Seven had closed reduction and an intramedullary K wire (Fig. 2) , one had an open reduction of the radial head and transcapitellar pinning and one had a closed reduction and an above-elbow cast.
Of eight patients presenting late with persistent subluxation or redislocation, four had incomplete fractures (2 plastic deformation, 1 buckle and 1 greenstick) and were treated by further closed reduction and casts. The four with complete fractures had operative fixation. Case 36 had redislocation of the radial head five weeks after the initial injury; an attempt at closed reduction failed and open reduction of the radial head with transcapitellar pin fixation was performed. A boy aged 5 years 3 months sustained a Bado type-III Monteggia injury in a fall. The ulnar fracture was complete and oblique with shortening and varus angulation (a). After fixation with a six-hole semitubular plate there was stable anatomical reduction of both the ulna and the proximal radio-ulnar joint (b,c). A full, painless range of movement was achieved and the plate was removed after nine months (d,e).
Three patients (cases 21, 22 and 27) had posterior interosseous nerve palsy, all associated with complete ulnar fractures. Complete recovery occurred within two months.
The casts were retained until there was both radiological and clinical evidence of union, usually in three to four weeks, and within eight weeks in all patients. Intramedullary wires were removed after three or four weeks. We routinely removed plates between six and 12 months after the injury. No formal physiotherapy was used, but patients were instructed in simple active and active-assisted exercises to encourage movement.
All patients were followed until the fractures had united with restoration of full, painless movement. The three patients who did not achieve these goals continued under review unless a reconstructive procedure had been performed. Follow-up averaged 12 months (3 to 72). The final follow-up recorded function, pain and disability, range of movement and stability. Anteroposterior and lateral radiographs of the forearm and elbow were taken and the overall outcome was rated according to the scale of Bruce, Harvey and Wilson (1974) .
RESULTS
All fractures united within eight weeks of the definitive procedure. There was persistent radio-ulnar subluxation in case 33.
All of the 28 patients who had early treatment at our institution had excellent results on the classification of Bruce et al (1974) , with full flexion and extension of the elbow and pronation and supination of the forearm. No patient had any persistent pain, instability or functional deficit.
Of the eight patients treated at one week or more after the initial injury, the result was excellent in five, good in one and poor in two. Three of these excellent results were in patients aged seven years or less with either plastic deformation (cases 29 and 30) or buckle fractures (case 31). The other two excellent results were in a three-year-old patient with a greenstick fracture (case 32) and a 17-monthold patient (case 35) with a complete transverse ulnar fracture and posterior dislocation of the radial head treated by repeated closed reduction, intramedullary wire fixation and a cast one week after initial treatment elsewhere.
The patient with a good result (case 34) presented at three weeks with malalignment of a complete, oblique fracture of the proximal ulna and persistent anterior dislocation of the radial head. After open resection of callus and ulnar realignment, intramedullary rod fixation relieved all pain and instability, but left a loss of 20° of pronation, 10° of supination and 20° of elbow flexion.
The two patients with a poor outcome (cases 33 and 36) had presented after redisplacement of unstable complete oblique ulnar fractures treated elsewhere. Case 33 had repeated closed reduction and K-wire fixation at two weeks after the original injury, but there was redislocation with the A boy aged 5 years 9 months fell from a swing, sustaining a Bado type-I Monteggia injury (a). Closed reduction was unsuccessful, but a K wire in the proximal fragment was used to manipulate it into anatomical alignment. The wire was then driven into the distal fragment to provide stable fixation (b,c). There was clinical and radiological union at one month and the pin was removed. At two months anatomical alignment was maintained and the patient regained full, painless movement (d,e).
development of a chronic Monteggia lesion with restricted, painful movement (pronation 20°, supination 70°, flexion 100° and extension -35°) and some elbow instability (15°v algus angulation increasing to 30° with a valgus stress at 30° of flexion). Further reconstruction was needed. Case 36 with a Bado type-IV lesion with a complete, oblique ulnar fracture, had open reduction of the radial head and transcapitellar pinning at five weeks after the initial closed reduction and cast elsewhere. After six years, she had no pronation, 70° of supination, loss of 5° elbow extension and flexion to 110° only. She had no pain or substantial functional deficit, but had changed her upper limb dominance to help to compensate.
There were no wound complications, pin-track infections, or refractures after plate removal.
DISCUSSION
Persisting radio-ulnar dislocation after a Monteggia fracture-dislocation can lead to loss of forearm rotation, cubitus valgus, elbow instability, and pain (Bell Tawse 1965; Lloyd-Roberts and Bucknill 1977; Dormans and Rang 1990) . Although some authors have an optimistic attitude (Bell Tawse 1965; Hurst and Dubrow 1983; Hirayama et al 1987; Olney and Menelaus 1989; Stoll, Willis and Paterson 1992) , the results of late reconstruction are at best unpredictable (Fowles et al 1983; Rodgers, Waters and Hall 1996) . The keys to good results are early recognition of the injury and a stable reduction of the proximal radio-ulnar joint, which requires a sound, anatomical reduction of the ulnar fracture.
It is accepted that good results can be achieved after closed reduction and cast immobilisation in children (Pieró, Andres and Fernandes-Esteve 1977; Letts, Locht and Wiens 1985; Olney and Menelaus 1989) , but satisfactory treatment in adults requires internal fixation of the ulnar fracture (Speed and Boyd 1940; Boyd and Boals 1969; Bruce et al 1974; Reckling 1982; Jupiter et al 1991) . An important distinction between Monteggia lesions in children and adults is the character of the ulnar fracture. Fractures of immature bone, including plastic deformation and buckle and greenstick fractures, are usually more stable, allowing maintenance of anatomical reduction in a cast (Wright 1963; Theodorou 1969; Letts et al 1985; Olney and Menelaus 1989) . The complete, and often comminuted fractures seen in adults require plate and screw fixation of the dorsal (tension) surface of the ulna to provide a stable anatomical reduction (Boyd and Boals 1969; Jupiter et al 1991) . Residual radiocapitellar subluxation is usually due to residual malalignment of the ulna, and does not necessarily indicate the need for open reduction of the radial head (Boyd and Boals 1969; Jupiter et al 1991) . Fascial loop reconstruction of the annular ligament is not necessary for an acute injury (Boyd and Boals 1969; Jupiter et al 1991) . Letts et al (1985) suggested subdivision of the Bado classification to account for the distinct types of fracture seen in the immature skeleton, but did not feel that these subdivisions should influence treatment. The results in children are usually good after cast immobilisation (Pieró et al 1977; Letts et al 1985) , but Fowles et al (1983) and Olney and Menelaus (1989) agreed that unstable fractures, usually oblique ones, may need wire fixation to assure stable radio-ulnar reduction. We agree with this advice. The pattern of treatment which we have developed depends on the character of the ulnar fracture: Plastic deformation requires reduction of the ulnar bow under general anaesthesia to achieve stable reduction of the radio-ulnar joint. Incomplete (greenstick or buckle) fractures require closed reduction and casting. Nearly all Monteggia fractures in children (Bado types I and III) are most stable when immobilised in 100 to 110° of flexion and full supination. When faced with a nearly complete greenstick fracture or one associated with a radial fracture (Bado type IV), consideration should be given to operative fixation with an intramedullary K wire, as the reduction may prove less stable with cast immobilisation alone in such circumstances. Complete transverse or short oblique fractures are often in bayonet apposition, with malalignment or shortening. Reduction may be difficult and is usually unstable. K wires are useful for obtaining reduction by manipulation of the proximal fragment, and for holding the reduction. Long oblique or comminuted fractures may develop shortening and malalignment even when fixed with intramedullary wires, and we therefore recommend the use of a short plate and screw.
With this approach to treatment we have achieved excellent results in all 28 patients treated within 24 hours of injury. Our two poor results were after late referral with persistent dislocation of the radial head. This emphasises the importance of early recognition and accurate treatment of these lesions.
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